Introduction
Worldwide, the prevalence of hypertension is high, and it is one of the major health risk factors that cause various diseases. According to the 2011-2012 National Health and Nutrition Examination Survey (NHANES) in the United States of America (USA), the hypertension prevalence in adults over 18 years of age was 29.7% for the males and 28.5% for the females [1] . In the 2012 Korea NHANES, the hypertension prevalence was 33.3% and 29.8% for the males and females in the age of over 30 year-old, respectively, which was an increase from 24.6% (average value of male and female) in 2007 [2] . The hypertension risk factors include the uncontrollable factors, such as genetics, race, and aging, and controllable factors, which can be corrected by living habit or diet. To prevent and control hypertension, proper living habits are required. Furthermore, it is necessary to conduct a study to determine various controllable factors related to blood pressure.
Because dietary factors are related to blood pressure, studies focusing on major minerals such as sodium, potassium, calcium, magnesium, and others have been conducted. While a high sodium intake increases the blood pressure, a low intake of potassium, calcium, and magnesium increases the blood pressure [3] [4] [5] [6] . Therefore, to manage the blood pressure using proper diet, a reduction in sodium intake and a sufficient intake of potassium, calcium, and magnesium are emphasized [7] .
Among the diverse dietary factors, minerals with an antioxidative function play a vital role in preventing cardiovascular disorders [8] [9] [10] . It has been reported in an epidemiologic study that a low serum level of iron, zinc, and copper is related to coronary artery disease, and the mechanism is related to a vascular cell dysfunction or an inflammatory response [11] [12] [13] . It has been reported that a shortage of manganese, which has an anti-oxidative function, causes glucose intolerance, inhibition of carbohydrate and lipid metabolism, and reduces blood high-density lipoprotein cholesterol [14, 15] . However, it is necessary to conduct a study to determine whether these minerals are related to blood pressure.
The aims of the present study were as follows: first, to evaluate the daily intakes of copper and manganese in the normotensive adults according to age groups; and second, to investigate the correlation between dietary copper and manganese intakes and blood pressure in the normotensive adults.
Materials and Methods

Subjects
Because the age range of adults was broad, it was classified into 19-29, 30-39, 40-49, 50-59 , and 60-69 years of age groups. In total, 640 study subjects were selected, and 64 males and females were included in each age group. Additionally, considering the differences in dietary intake of each region, 160 study subjects were selected from each of the following regions: the metropolitan, Chungcheong, Gyeongsang, and Jeolla regions of Korea. The volunteers were recruited by posting a study subject recruitment announcement on the websites of self-governing organizations of each region. Using the conformity assessment of study subjects, those diagnosed with or taking medications for hypertension, cardiac failure, diabetes, renal disease, cancer, or pregnant/breastfeeding women, and those under dietary control were excluded from the study. This study was approved by the Institutional Review Board of Kyungpook National University (IRB 2014-0053), and it was conducted after receiving written consent from study participants.
Blood pressure measurement
The height, weight, and blood pressure of the study subjects were measured. Briefly, the height of the subjects (with shoes removed) was measured using a stadiometer. The weight (with minimal clothing) was measured using a body composition analyzer (X-SCAN PLUS II, Biospace, Seoul, Korea). The body mass index (BMI) was calculated as the weight (in kilograms) divided by the squared height (in meters). The blood pressure was measured using an electronic automatic inflation sphygmomanometer (Microlife WatchBP Home 3MX1-1, Widnau, Switzerland) after the study subjects rested in a sitting position for 10 min. For smokers, the measurement was conducted at least 30 minutes after smoking. The blood pressure was measured once for most subjects, if the initial systolic blood pressure was greater than 140 mmHg or if the diastolic blood pressure was greater than 90 mmHg, it was re-measured again using the same method after resting. The study subjects with a blood pressure that did not fall within the normal blood pressure ranges, even after the second measurement, were excluded from the study.
Dietary intake survey and analysis
The dietary intake of the study subjects was examined using the 24-hour dietary recall method. To expedite a recall interview, a diet record sheet was provided to the study subjects beforehand. Thus, the diet record was recorded exactly on the day of the dietary intake. Furthermore, the dietary examination was conducted during the working hours and excluded weekends and holidays. The 24-hour dietary recall interview was conducted using a direct interview with a dietitian based on a diet record sheet. To enhance the intake accuracy, supple- mentary tools, such as photo data of the meal, tapeline, and food replica, were used. The subjects were informed to take a photo of the meal during the dietary intake. Thus, the photos were used to produce a diet record sheet and during a 24-hour dietary recall interview. During the 24-hour dietary recall interview, the dietitian recorded the food name and intake quantity (approximate "by eye" measurement, volume, weight), the name and quantity of ingredients in the meal (approximate "by eye" measurement, volume, weight), and the product name and manufacturer were recorded for the processed food. Additionally, the dietary supplements and other functional health food intakes were recorded. The quantity of food intake on the same day was examined in comparison with an average food intake (selected from the following options: greater than usual intake, average intake, and less than usual intake). Moreover, the beverage intake quantities were examined for coffee and tea, and for other beverages, such as the bottled water and the caffeine-free beverages (barley tea, Gyeolmyeongja tea, and Dunggle tea). The nutrition intake was analyzed using a nutrition assessment program CAN- Table 7 th edition [16] . Thus, it was recalculated to reflect the mineral content of the National Standard Food Composition Table 8 th edition [17] . The subjects of this study consumed 1591 foods based on 24-hour dietary recall data. Regarding food intake, 59.2% and 44.5% of the items had information on copper and manganese contents in the database. The mineral content of foods not included in the mineral content database were calculated by replacing them with similar foods in the database.
Statistical analysis
The statistical analysis for the study was conducted using the SAS program (Ver. 9.4, SAS Institute Inc., Cary, NC, USA). Regarding the difference of variables for each age group, the post hoc analysis was conducted using Duncan's test when the significance was present after conducting the one-way ANOVA. The correlation between each variable was verified to determine its significance using Pearson's correlation test. Then, the partial correlation was conducted after adjusting for gender, age, BMI, and energy intake as potential confounding factors. The significance verification of all statistical analyses was conducted at a level of p < 0.05. Table 1 . General characteristics and blood pressure of the subjects by gender and age 
Results
General characteristics of the subjects
The general characteristics of the subjects are shown in Table 1 . The average height was significantly getting lower with an increase of age both for men and women. The average weight of men was significantly getting higher before the age of 50 year-old and getting lower with aging in the age of above 50 year-old. However, the average weight of women was not significantly different among the age groups. However, there was a difference between women in their 20's and 60's (54.2 kg vs. 58.2 kg, p < 0.05). The average BMI was the highest for the men in their 40's, and it was significantly higher for women with an increase in age. The average systolic/ diastolic blood pressure was 126.4/80.2 mmHg for men and 117.8/75.8 mmHg for women, and it was significantly higher with an increase in age both for men and women.
Daily energy, copper, and manganese intakes of the subjects
The daily energy, copper, and manganese intakes of the subjects are shown in Table 2 . The daily energy intake was significantly lower with an increase in age both for men and women. The daily trace mineral intakes of the men and women were 1.3 mg (0.6 mg/1000 kcal, 156.7% of recommended intake) and 1.2 mg (0.7 mg/1000 kcal, 149.6% of recommended intake) for copper, and 4.2 mg (2. 1 mg/1000 kcal, 105.2% of adequate intake) and 4. 1 mg (2.3 mg/1000 kcal, 116.4% of adequate intake) for manganese, respectively. The daily intakes of copper and manganese were significantly high with an increase of age for men and women.
Relation of copper and manganese intake to blood pressure Table 3 shows the relation of the copper and manganese intake of the subjects to blood pressure. The copper intake was significantly and positively correlated with the systolic blood pressure in women and with the systolic and diastolic blood pressures in all subjects. However, the significant correlation between copper and the blood pressure disappeared after adjusting for potential confounding factors. Manganese intake was significantly and negatively correlated with the systolic blood pressure in men after adjusting for gender, age, BMI, and energy intake.
Discussion
In this study, the daily copper and manganese intake was assessed in normotensive adults, and the correlation with blood pressure was analyzed. As a major result, the manganese intake of male subjects had a significantly negative correlation with the systolic blood pressure after adjusting for gender, age, BMI, and energy intake.
Recently, studies of the relation between oxidative stress and hypertension have been conducted. Oxidative stress accelerates proliferation of the vascular cells and causes blood vessel thickening and narrowing of their internal diameter. Additionally, oxidative stress damages the endothelium and increases vasoconstriction [18] [19] [20] . These changes in blood vessels explains how oxidative stress causes hypertension. It is noted that an increase in blood pressure combined with obesity is related to oxidative stress such as the increase in Table 3 . Correlation between copper and manganese intakes and blood pressure of the subjects lipid peroxidation, protein carbonylation, and the oxidative damage index of amino acids [21] . Therefore, it is proposed that an anti-oxidative prescription of medicine or nutrients lowers the oxidative stress and blood pressure. Although blood pressure lowering effects of the anti-oxidative vitamin supplements, such as vitamin C, vitamin E, and β-carotene, have been conducted [22] [23] [24] , the study of the anti-oxidative minerals is very limited.
Copper is a component of various enzymes. It is known as a co-enzyme of the anti-oxidant enzyme, superoxide dismutase (SOD) [25] . In addition, because copper is essential for normal cardiovascular functions, it has been reported that copper deficiency causes a heart abnormality and increases the blood pressure and serum lipids [26, 27] . In a study on the relation between copper and blood pressure, Klevay and Halas [28] reported that there was a blood pressure increase in copper deficient rats. In addition, Li et al. [29] reported a high oxidation index, a low anti-oxidant index and anti-oxidative nutrition intake among metabolic syndrome patients from 18 to 65 years of age. Specifically, the copper intake of the metabolic syndrome patients was 1.4 mg/day, which was significantly lower than 1.6 mg/day for a normal person. Although the risk of metabolic syndrome was significantly lower with a high copper intake, there was no significant correlation when adjusting for the age and sex. The copper intake had a significantly positive correlation with the blood pressure in this study, but the significant correlation disappeared after adjusting for sex, age, BMI, and energy intake. This result implies that the daily copper intake has no correlation with the blood pressure. It may be due to the fact that the subjects in this study were taking enough amounts of copper daily. Additional research including subjects with various intake levels of copper is required.
Manganese is necessary for the normal metabolism of amino acids, proteins, fats, and carbohydrates. Additionally, it is necessary for the normal function of enzymes, such as SOD. Furthermore, manganese is known to have anti-oxidative function [14, 30] . Although an excessive manganese intake is rare, it is known to cause toxicity in a case of excessive exposure by ingestion [31] . Most studies on the relation between manganese and blood pressure have been conducted from the perspective of manganese toxicity. Those studies reported that a high blood level of manganese, due to an excessive exposure to manganese, increased the blood pressure [32] [33] [34] . Kostial et al. [35] reported that manganese increased blood pressure in an animal study. However, Šarić and Hrustić [36] reported that the blood pressure was low in manganese-exposed workers. Thus, the studies regarding the relation between manganese and blood pressure present conflicting results.
There are a limited number of studies on the relation between the manganese intake, as a nutrient or a trace mineral, and blood pressure. In our study, manganese intake, particularly in the male subjects, had a significantly negative correlation with the systolic blood pressure after adjusting for sex, age, BMI, and energy intake. Because our study is a cross-sectional study, it has a limitation. Specifically, it is difficult to explain the mechanism behind the correlation between manganese intake and blood pressure. However, it has been reported in several studies that an abnormal manganese level lowers the activation of manganese-SOD, which impedes anti-oxidative function of this enzyme and lowers the defense capacity of vascular endothelium dysfunction, and causes hypertension. Particularly this result was observed only in the males, which demonstrates a difference based on gender [34, 37] . Previous studies reported that an excessive exposure to manganese causes an abnormal change in the blood pressure. The results of our study presented a negative correlation between the daily manganese intake and blood pressure, and implicate that the anti-oxidative and vascular protective functions of manganese. Taken together, we suggest that the proper intake of manganese is essential to maintain a normal blood pressure.
In Korea, an adequate intake of manganese is set at 4.0 mg/ day and 3.5 mg/day for the adult males and females, respectively [38] . The manganese intake of subjects in this study exceeded an adequate intake. In the present study, it was 4.2 mg/day and 4.1 mg/day for the males and females, respectively, and higher intake of manganese were shown in subject with older age than the other. Nkwenkeu et al. [39] reported that the manganese intake are 2.0-8.8 mg/day worldwide, 2.4 mg/day in USA, 2.9 mg/day in Canada, 2.7 mg/day in Germany, 2.4 mg/day in Spain, 2.6 mg/day in Belgium, 4.6 mg/day in England, 2.9 mg/day in Australia, and 2.2 mg/day in India. Because there is a high manganese content in grains, rice, nuts, and tea, it has been reported that a vegetarian diet or a vegetable-centered diet provides a high manganese intake of 13-20 mg/day [40] . Although the vegetable-centered diet of Korean traditionally provides a sufficient manganese intake, it is estimated that the manganese intake is low in younger generations due to the Westernized diet. In addition, this study has revealed that the manganese intake decreases with a decrease in age. Because many studies investigate the relation between blood pressure and diet mainly focusing on the major minerals, there is a limited number of studies focusing on the trace minerals. Thus, our study is a pioneering study in the field which has explored the relation between copper and manganese intake and blood pressure and a significant result was obtained. In particular, the manganese intake had a significantly negative correlation with a systolic blood pressure.
This study has several limitations in generalizing its findings. First, limited methodology was used to investigate the mineral intakes of subjects as we carried out the 24-hour recall for only one day but food frequency records or repeated 24-hour recalls were not conducted [41] . Thus, it is possible that this research does not reflect the long-term mineral intake status of subjects. However, we used a mineral content database among the diverse food data to accurately assess the intake levels. And, the present Korea NHANES in which one-day 24-hour dietary recall method was utilized to investigate the various nutrient intake levels in Korean adults [2] . Second, this study cannot explain the mechanism behind the correlation between the manganese intake and the blood pressure because this is a cross-sectional study. To clarify the effect between the trace mineral intake and the blood pressure and to explain the mechanism, longitudinal studies including analyses of various biomarkers are necessary in the future.
Conclusion
The copper intake in normotensive adults from a normal meal was 1.3 mg (0.6 mg/1000 kcal) and 1.2 mg (0.7 mg/1000 kcal) for the males and females, respectively. The manganese intake was 4.2 mg (2. 1 mg/1000 kcal) and 4. 1 mg (2.3 mg/1000 kcal), respectively, which exceeded the adequate intakes. Specifically, the manganese intake of the male subjects had a significantly negative correlation with the systolic blood pressure after adjusting for gender, age, BMI, and energy intake. These results indicate a possibility of a positive effect of manganese intake on blood pressure.
